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(54) Piston for an internal combustion engine and method of making a piston 



(57) The present intends to provide a piston for an 
internal combustion engine which is light-weight and 
has a high heat resistance strength but can still be man- 
ufactured easily. Furthermore, the present invention 
intends to provide a method of making such a piston. 
Accordingly, the piston comprises a head portion 
exposed to a combustion chamber and a skirt portion 
sliding within a cylinder. The head portion is made of an 
alloy comprising Al, Fe and Si and the skirt portion is 
made of an alloy comprising Al, Si, Cu and Mg. Both 
portions are joined together by forging. The joining inter- 
face between the members made of different alloys is 
designed so as to have a non-flat shape. 
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Description 



This invention relates to a piston for internal combustion engines and to a method of manufacturing the piston spe- 
cifically suitable for use in gasoline and Diesel, two-cycle and four-cycle engines. 
5 An internal combustion engine piston in general is required to meet the following requirements. 

First the piston is light-weight. In other words, the piston (i) has a thin-walled form (using a material of a high fatigue 
strength at high temperatures even with a thin wall and of a good forming property even with a thin wall), and (ii) is made 
of a material of a small density (a light material). 

Second, the height of the top land, the portion above the piston ring, of the piston head is small. This is required for 
70 increasing compression ratio resulting in a higher performance and for smaller crevice volume resulting in reduced 
amount of unburned gas as an effective measure for reducing exhaust emissions. In this case, it is necessary that (i) 
the underside of the piston ring is not thermally fused to the piston even with a reduced top land thickness (a material 
has to be used that maintains hardness even at a temperature of about 350 degrees C on the upper side of the piston), 
and (ii) the corner of the top land should not yield or deform (a materia! has to be used that stands a temperature of 
15 about 350 degrees C on the upper side of the piston). 

Third, permanent deformation is small (rigidity is high). In other words, the head portion is made less likely to bend 
(the head portion is made thick-walled, and a material is used that retains a high Young's modulus even at a tempera- 
ture of about 350 degrees C on the piston top surface). 

As described above, the piston for internal combustion engines is required to have high fatigue strength, proof 
20 strength, and hardness at high temperatures and to be made of a material that enables a thin-walled form and has good 
forming property. 

However, it is difficult to find a single material that can meet such requirements as described above. Therefore, it is 
conceivable for the internal combustion engine piston to use a material of a high strength at high temperatures for the 
head portion and use a material of a different property from that of the head portion for the skirt portion. According to 

25 such a concept, the following three constitutions have been proposed. 

The first of them is to constitute the head and skirt portions with cladding materials of different physical properties 
(aluminium alloy and a compound layer made of aluminium alloy mixed with whiskers, short fibers, etc. (FRM)). Both 
materials are joined together by forming to form a single piston for internal combustion engines (Refer to the Japanese 
Laid-open Patent Application Sho-63- 132743). 

30 The second is to make a two-layer body by powder-forming quenched powder aluminium matrices (powder metal) 
of a common composition with different ceramic powder mixing ratios. The two-layer body is then heat-pressed to form 
a pre-form. The pre-form is then heat-forged to form a piston for internal combustion engines, with the head portion con- 
taining a higher ratio of ceramic powder and the skirt portion containing a lower ratio of ceramic powder (Refer to the 
Japanese Laid-open Patent Application Hei-1-180927). 

35 The third is a piston for internal combustion engines, in which the head portion is made of forged powder metal or 
FRM, the skirt portion is made of an aluminium alloy casting, and both portions are welded together (Refer to the Jap- 
anese Laid-open Patent Application Hei-2-1 07749). 

(Problems to be Solved by the Invention) 

40 

However, with the conventional piston of the first embodiment described above, sufficient joining strength cannot 
be attained on the joining interface, especially in its center, between the head and skirt portions. The cause is that a 
sufficient relative slip does not occur on the joining interface between the head and skirt portions at the time of forging, 
and therefore an oxide film on the joining interface cannot be destroyed and removed for providing a sufficient joining 

45 strength. Namely, with the conventional piston of the first embodiment, a relative slip required for the joining action is 
less likely to occur on the joining interface, especially in its center, during forging. If the joining strength is to be 
increased, an additional man-hours therefor will be required. If the FRM is used, stress concentrations occur on inter- 
faces between the matrix and the reinforcing materials of whiskers or short fibers, and therefore a sufficient fatigue 
strength cannot be provided at high temperatures. When the cladding materials are used for forging, the processes 

so become complicated and, as a result, the manufacturing cost increases. Another problem with the cladding material is 
that the material cannot be used locally, for example only in part of the head portion, in the ring groove portion where 
the piston ring is fit, or in the upper edge portion. 

With the conventional piston of the second embodiment described above, sufficient joining strength cannot be pro- 
vided on the joining interface, especially in its center, between the head and skirt portions. The cause is that, like the 

55 first conventional embodiment, a sufficient relative slip is less likely to occur on the joining interface between the head 
and skirt portions at the time of forging. If the joining strength is to be increased, an additional man-hours therefor will 
be required. Also, since the head and skirt portions are made of the same matrix, the forming property of the thin-walled 
portion required of the skirt portion and the heat resistance required of the head portion cannot be met simultaneously. 
That is to say, if the deformation resistance at high temperatures is reduced to secure the forming property, the heat 
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resistance decreases, which causes the top surface edge of the head portion to yield or deform. Furthermore, filling 
ratio of the pre-form as a forging material is low, so parting agent and lubricant used during hot forging enter the mate- 
rial, and good forming cannot be provided. 

With the conventional piston of the third embodiment described above, when the head portion made of metallic 

5 power and the skirt portion are welded together, a brittle alloy layer is produced in the welded portion of the power metal 
and the joining strength is low. In the welded portion of the powder metal, basic characteristics (fatigue strength, proof 
strength, and hardness) are lost. When the joining is made by friction welding, burrs are produced in the welded portion. 
The burrs can cause stress concentration and must be removed. However, the removal is difficult because the inside of 
the piston has an irregular shape because of the pin boss portions. When the head portion is made of FRM, stress con- 

io centrations occur on the interface between the reinforcing materials, such as whiskers and short fibers, and the matrix. 
As a result, sufficient fatigue strength is not provided at high temperatures. 

The invention has been made in view of the disadvantages of the prior art described above with an object to provide 
an improved piston for internal combustion engines and manufacturing methods therefor. The piston head and the pis- 
ton skirt are made of different materials respectively having a high heat resistance and a good forming property. Joining 

is strength between the head and skirt portions is high. Productivity of the piston is high without increasing the number of 
processes. 

The above-indicated technical problem is solved by a piston for an internal combustion engine as claimed in claim 
1 . Accordingly, the internal combustion engine piston is formed by forge joining together the head portion and the skirt 
portion respectively made of different materials so that the joining interface is formed in a non-flat shape, preferably a 

20 concave, convex or wavy shape, according to projections or recesses by providing the top surface of the head portion 
with extruded projections or recesses. 

As a result, elongation or slip occurs in the joining interface between the head and the skirt portion when they are 
forge joined together. Thus, surface films on both materials are broken and both material textures go into each other or 
mix with each other so as to be firmly joined together. 

25 Since fiber flows are formed on the interface between both materials joining strength in the vicinity of the interface 

is significantly increased. Therefore, sufficient joining strength is provided simultaneously with the forming of the piston 
by forging as claimed by claim 26. Thus, productivity is increased without increasing the number of production steps or 
the time required for making a piston for increasing the joining strength. Productivity is also improved without increasing 
the time required, e.g. the number of man hours and the alloy layer for the head portion of which heat resistance and 

30 rigidity are equipped are respectively constituted with different materials. 

At the same time, the top length portion of the piston can be made thin-walled and light-weight. Thus, the output 
can be increased by the increase in the compression ratio within the combustion chamber. Unburned HC gas emissions 
are reduced by the decrease in crevice volume to serve as emission measures. Furthermore, the weight of the bearing 
area can be reduced and its durability be improved due to the reduction of inertial forces. Furthermore, by these meas- 

35 ures engine vibrations can be reduced. 

The above-indicated problem is also solved by a piston for an internal combustion engine according to claim 7. By 
making a part of the head portion or the entire head portion of an alloy in comprising AI, and preferably Fe and Si and 
the skirt portion of an alloy comprising AI, and preferably Si, Cu and Mg, the head portion is provided with the superior 
features of heat proofness and a high fatigue strength at high temperature while at the same time the skirt portion can 

40 be formed easily and moreover has a high resistance to wear and seizure, and good sliding properties. 

Accordingly, the alloy for the head portion where high heat resistance and rigidity are required and the alloy for the 
skirt portions where good forming and sliding properties are required together provide a piston constituted by different 
alloy layers. These alloy layers are firmly joined together without increasing the number of manufacturing steps or the 
time required for making the piston. Thus, productivity is improved, whereas the thickness and furthermore the weight 

45 of the top length portion of the piston can be reduced. Consequently, the output of the engine can be increased because 
the compression ratio within the combustion chamber can be increased. Unburned HC gas exhaust emissions is 
reduced by the reduction in the crevice volumes. Furthermore, the inertial forces of the piston are reduced and thereby 
the weight on the bearing components so as to improve durability and reduce engine vibration. 
Further advantageous features are set out in the subclaims. 

so The invention will now be described by means of explanatory embodiments comprising further advantageous fea- 
tures. The drawings show: 

FIG. 1 is a rough explanatory view of a two-cycle engine in which the interna! combustion engine piston of the 
invention is used. 

55 FIG. 2 is a rough explanatory view of a four-cycle engine in which the internal combustion engine piston of the 
invention is used. 

FIG. 3 is a cross-sectional view of an example of an internal combustion engine piston of the invention, with the left 
half showing a front view of a piston boss below a piston ring groove and the right half showing a side view of the 
piston boss. 
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FIG. 4 is an explanatory drawing to show the manufacturing process sequence for the internal combustion engine 
piston of FIG. 3. 

FIG. 5 is for detailed explanation of the processes (K) - (N) of FIG. 4. 

FIG. 6 is an explanatory drawing showing examples of locations and shapes of the extruded projections on the 
head portion of the piston manufactured according to the method of the invention. 
FIG. 7 is an explanatory drawing of distribution of the heat resistant alloy in the piston of the invention. 
FIG. 8 is a cross-sectional view to show another method of manufacturing the piston of the invention. 
FIG. 9 is a cross-sectional view to show still another method of manufacturing the piston of the invention. 
FIG. 10 is a cross-sectional view to show still another method of manufacturing the piston of the invention. 
FIG. 1 1 is a cross-sectional view to show still another method of manufacturing the piston of the invention. 
FIG. 1 2 is a cross-sectional view to show still another method of manufacturing the piston of the invention. This pis- 
ton is used in four-cycle engines. 

FIG. 13 is a view of interface texture drawn in reference to a microscopic photograph of the joining interface of the 
piston of the invention. 

FIG. 14 is a further detailed explanation of the process (K) - (N) of FIG. 4. 

FIG. 1 is a rough explanatory view of a two-cycle engine in which the internal combustion engine piston of the 
invention is used. 

The constitution and operation of the two-cycle engine 1 are as follows. When a piston 3 moves up from the bottom 
dead center within a cylinder 2, a negative pressure is produced within a crankcase 4. Fuel from an injector 5 and air 
from an intake passage 6 form a mixture which is drawn through a reed valve 7 into the crankcase 4 and at the same 
time, a main scavenging port 8 and a sub-scavenging port 8 are covered with the piston 3. Next, an exhaust port 9 is 
covered with the piston 3 and the mixture in the cylinder 2 is compressed. When the mixture is sufficiently compressed, 
a spark is thrown off an ignition plug 10, the mixture burns and produces pressure to push down the piston 3 within the 
cylinder. When the piston 3 moves down to some extent, the exhaust port 9 is uncovered and burned gas begins to be 
discharged. Then the scavenging ports 8 and 8' are uncovered to introduce fresh mixture from the crankcase 4 into the 
cylinder 2. The burned gas is further discharged by the introduces fresh mixture. The two-cycle engine 1 operating in 
the principle described above completes one combustion cycle as the piston 3 completes one reciprocation and a 
crankshaft 14 makes one turn in cooperation with a piston pin 1 1 , a connecting rod 12, and a crank arm 13. The rotation 
of the crankshaft 14, of a motorcycle for example, is transmitted through the chain to the rear wheel. By the way, the 
amount of the mixture is increased or decreased by adjusting the opening of the throttle valve 15 interposed in the 
intake passage 6. 

FIG. 2 is a rough explanatory view of a four-cycle engine in which the internal combustion engine piston of the 
invention is used. 

The constitution and operation of the four-cycle engine 20 are as follows. When a piston 22 moves down from the 
top dead center within a cylinder 21 , a negative pressure is produced in the cylinder 21 . Here, an intake valve 23 opens 
to draw a mixture of fuel from an injector 24 and air coming through an intake passage 25 into the cylinder 21. Next, 
when the piston 22 moves up from the bottom dead center, the intake and exhaust valves 23 and 26 are both closed 
and the mixture drawn into the cylinder 21 is compressed. 

Next, when the mixture is compressed, a spark is thrown off an ignition plug 27 to combust the mixture. The com- 
bustion causes the gas in the cylinder 21 to expand. The expansion pressure pushes down the piston 22. When the 
piston 22 is pushed down sufficiently, the exhaust valve 26 opens so that the combusted gas is discharged through an 
exhaust passage 28 as the piston 22 moves up. 

The four-cycle engine 20 operating in the principle described above completes one combustion cycle as the piston 
22 completes two reciprocations and a crankshaft 32 makes two turns in cooperation with a piston pin 29, a connecting 
rod 30, and a crank arm 31. The rotation of the crankshaft 32, for example of a motorcycle, is transmitted through the 
chain to the rear wheel. By the way, the amount of the mixture is increased or decreased by adjusting the opening of a 
throttle valve 33 interposed in the intake passage 25. 

FIG. 3 is a cross-sectional view of an example of an internal combustion engine piston 58 of the invention, with the 
left half showing a front view of a piston boss 36 below a piston ring groove 65 and the right half showing a side view of 
the piston boss 36. As shown, piston pin supporting strength is increased by increasing the piston wall thickness on the 
piston boss 36 side. As seen from the left half of the drawing, the skirt portion (piston side portion) continued from the 
head portion to constitute the piston top surface is gradually thinned downward. 

FIG. 4 is an explanatory drawing to show the manufacturing process sequence for the internal combustion engine 
piston of FIG. 3. An example of the manufacturing method for the internal combustion engine piston of the invention will 
be described in reference to the drawings. 

First in the process (A), an alloy ingot for the skirt portion comprising aluminium (Al), silicon (Si), copper (Cu), and 
magnesium (Mg) is prepared. Here, the silicon is added for increasing resistance to wear and seizure required of the 
sliding surface of the piston skirt portion by precipitating hard initial or eutectic crystals in the metallic composition. The 
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copper and magnesium are added for increasing alloy strength at high temperatures. Here, the contents of additives 
are preferably 5 - 25 % of silicon, 0.5 - 5 % of copper, and 0.5 - 1.5 % of magnesium. Outside such ranges, intended 
resistance to wear and seizure, and high temperature strength cannot be provided. By the way, in place of the alloy con- 
sisting of aluminium, silicon, copper, and magnesium, those ingredients may be prepared in the form of separate ingots 
5 or powder and mixed and melted together. 

Next in the process (B), the ingot is melted and a block for the skirt portion is made by continuous casting or extru- 
sion forming. The Al-Si-based alloy block formed in this way is lower in high temperature deformation resistance than 
the AI-Fe-based alloy block as will be described later (Proof strength of Al-Si-based alloy block at 400 degrees C is 
about 50 % of that of AI-Fe-based alloy block) and good forming property is provided for the thin wall portion. 
io Next in the process (C), the block is cut to the size required for the skirt portion to form a piston alloy piece 50. 

In the process (D) on the other hand, an alloy ingot for the head portion comprising aluminium (Al), iron (Fe), and 
silicon (Si) is prepared. Here, the iron is added for increasing fatigue strength at temperatures above 200 degrees C by 
dispersing metallic composition. The silicon is added for increasing resistance to wear and seizure as described above 
and further increasing ductility and lowering the melting point. Therefore, too much amount of silicon added causes 
is excessive ductility and a lower strength. Also the lowered melting point results in a lower heat resistance. Therefore, it 
is necessary to add only minimum amount of silicon necessary for the forming property and wear resistance of the head 
portion to prevent the strength and heat resistance from lowering. In view of the above points, the additive rate of iron 
in the head alloy is preferably 5 % or more, and that of silicon is 5 % or less. 



Next in the process (E), the ingot is melted, and quench-solidified at a cooling speed of 100 degrees C per second 
to make Ai-Fe-based alloy powder. Next in the process (F) t the powder is formed and solidified, and further hot- 
extruded. A quenched powder aluminium alloy block obtained in this way provides a uniform metallic composition free 

25 from parts which could cause stress concentrations while providing a high fatigue strength. This is because, unlike the 
cooling in the ordinary casting in which coarse iron composition is produced in the alloy and so the strength is low, for- 
mation of coarse iron composition is prevented by quench-solidification of the AI-Fe-based alloy powder and further by 
hot-extrusion forming of the alloy piece. As a result, a uniform metallic composition is provided which is free from coarse 
iron composition which otherwise could cause stress concentration, and a larger amount of iron may be added to obtain 

30 an alloy having a higher fatigue strength. By the way, in place of the ingot comprising aluminium, iron, and silicon, alu- 
minium ingot or powder, iron ingot or powder, and silicon ingot or powder may be separately prepared, mixed, and 
melted. 

Next in the process (G), the block is cut to the size of the head portion to form a powder metal alloy piece (PM alloy 
piece) 51 . 

35 The alloy piece for the skirt portion (alloy piston piece) 50 and the alloy piece for the head portion (PM alloy piece) 
51 obtained through the above process are stacked in the process (H) and applied with parting agent. Next in the proc- 
ess (K), the product is heated to improve the forming property. Next in the process (L), the heated two layers of alloy 
are sandwiched with paired upper and lower dies and forged with a large pressing force to form an integral piston 
shape. At this time, both alloy pieces are joined as will be described later. 

40 Next in the process (M), the product is heat-treated to increase its strength. Finally in the process (N), the product 
is finished as piston ring grooves 65 are formed and unnecessary portions are removed by machining. After that, sur- 
face treatment such as plating is applied as required on the side surface of the skirt portion for improving sliding char- 
acteristic and wear resistance. Thus, the finished piston 58 is constituted by joining two different materials together by 
forging, with the head portion 40 made of a quenched powder aluminium alloy (PM alloy) and the skirt portion 41 made 

45 of an alloy (piston alloy) comprising aluminium, silicon, copper, and magnesium. 

Fig. 5 and 14 are for detailed explanation of the processes (K) - (N) of FIG. 4. 

FIG. 5(A) corresponds to the process (K) of FIG. 4. in the process, two stacked alloy layers, with the PM alloy layer 
51 for the head portion made of quenched powder aluminium alloy on the under side and the piston alloy layer 50 for 
the skirt portion made of the alloy comprising aluminium, silicon, copper, and magnesium on the under side, are place 
so in a recess 56 of a preheated lower die 55 and pressed with a preheated upper die or punch 57 to forge-form in a piston 
shape. In the drawing, the symbol 100a indicates the interface between the two alloy layers before being forged, which 
is a flat surface in this embodiment. 

The two alloy layers are in contact with each other on the interface 100. Parting agent is applied on the cylindrical 
peripheral surface of the two alloy layers before forging. The shape of the punch 57 is determined to provide required 
55 thicknesses to the respective portions of the piston 58. On the other hand, a recess 59 is formed in the bottom center 
of the recess 56 of the lower die 55 to oppose a projection 57a of the punch 57. 

With such a hot forging using the lower die 55 and the upper punch 57, forming and joining are made simultane- 
ously to form the piston without deteriorating the characteristics of AI-Fe-based alloy and Al-Si-based alloy and with 
good dimensional accuracy. 
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FIG. 5(B) corresponds to the process (L) of FIG. 4. The forged piston 58 has a projection 42 pushed out in the 
center of the head portion 40 corresponding to the recess 59 formed in the center of the lower die 55. 

In the process (L) of FIG. 4, as the projection 57a of the punch 57 goes into the upper alloy layer 50 for the skirt 
portion, periphery of the alloy layer 50 for the skirt portion rises to form the skirt portion. On the other hand, the alloy 

5 layer 51 for the head portion is pressed with the projection 57a of the punch 57 through the alloy layer 50 for the skirt 
portion and enters the recess 59 formed on the lower die 55 to form the projection 42. Along with the entrance into the 
recess 59, a portion, corresponding to the recess 59, of the interface 100 deforms in a convex shape as seen from the 
alloy layer 51 side. As the projection 57a of the punch 57 farther goes down below the position of the-pre-forging inter- 
face 100, the periphery of the alloy layer 51 for the head portion rises while the thickness of the alloy layer 50 for the 

10 skirt portion below the projection 57a reduces and the periphery of the alloy layer 50 for the skirt portion rises farther. 

The interface 200 after forging presents a peripheral portion 200a rising higher beyond the pre-forging interface 
1 00, a first dome portion 200b curving downward in a downwardly convex shape to a position lower than the pre-forging 
interface 100 along the projection 57a, and a second dome portion 200c curving farther downward in a downwardly 
convex shape in the center. The pre-forging flat interface 100 deforms into the post-forging interface 200. That is to say, 

75 since the area of the interface 100 is enlarged by the forging, not only the alloy layer 50 for the skirt portion but also the 
alloy layer 51 for the head portion extend largely on the interface. In this portion where the elongation is large, a large 
force is also exerted and oxide films are destroyed by forging. Also, if there is a difference in the elongation between 
both alloy layers 50 and 51 , a relative slip occurs between both alloy layers 50 and 51 as well as the enlargement in the 
interface area, and this also contributes to destroy the oxide films. Once the oxide films are destroyed, the alloy layer 50 

20 for the skirt portion comes into direct contact with the alloy layer 51 for the head portion. That is to say, the oxide films 
are destroyed as the interface area is enlarged (elongated) and the relative slip occurs in the first and second dome por- 
tions 200b and 200c, and both alloy layers are joined together to provide sufficient joining strength. The joining makes 
the interface 200 a joining interface after forging. 

FIG. 5(C) corresponds to the process (N) of FIG. 4 in which various kinds of machining are carried out to for the 

25 piston. The projection 42 is machined off because the projection is not necessary after the hot forging. Piston ring 
grooves 65 are formed. Here, the fiber formed in the process shown in FIG 5(B) remains. By the way, the position of the 
projection 42 is not limited in the center of the head portion 40. The shape of the projection 42 is not necessarily of an 
approximate truncated cone. Furthermore, two or more projections 42 may be provided. 

That is to say, when the interface is formed with the first dome 200b and the second dome 200c, joining area is 

30 increased. The joining area may also be increased with a plural number of second domes 200c formed to correspond 
to the plural number of projections 42 to firmly join the alloy layer 51 for the head portion to the alloy layer 50 for the skirt 
portion. 

By the way, in addition to or in place of the extruded projection, a recess may be formed on the top surface of the 
piston head. When such a recess is formed by forging, fiber flows are caused in the same manner as in the case of the 

35 projection described above to increase the joining strength. 

An explanatory FIG. 6 shows examples of locations and shapes of the extruded projections described above. FIG. 
6(A) shows an example in which a circularly extruded projection 42 is located in the center of the piston 58. The broken 
lines in the drawing show the positions of two main scavenging ports 60, 61 , a sub-scavenging port 62, and an exhaust 
port 63 of a two cycle engine. FIG. 6(B) shows an example in which the extruded projection 42 is displaced from the 

40 center of the piston 58 toward the exhaust port 63 to increase the strength on the exhaust side where temperature is 
high. By the way, such a circularly extruded projection may be provided at a plural number of locations. FIG. 6(C) shows 
an example In which a circularly extruded projection 42 is disposed in the center and an annular projection 42' is dis- 
posed around the projection 42. FIG. 6(D) shows an example in which a curved, deformed, extruded projection 42" is 
disposed with a displacement from the center. FIG. 6(E) shows an example in which an annular projection 42' only is 

45 provided. Here, a large number of stripes are radially formed around the extruded projections 42, 42', 42". These stripes 
represent fiber flows 64 radially extending from the extruded projections. As described before, these stripes are formed 
along the directions in which the textures move according to the slip of the alloy layers when they are forged and run 
generally at right angles to the contour of the extruded projection. As described before, the fiber flows are also formed 
on the interface between different materials. In other words, that the fiber flows are formed in at least one of the alloy 

so layer 50 for the skirt portion and the alloy layer 51 for the head portion in the vicinity of the interface means that the elon- 
gation on the interface is large. Therefore, oxide films are destroyed on the interface, and the alloy layer 50 for the skirt 
portion and the alloy layer 51 for the head portion are firmly joined together by direct contact. 

In the finished piston 58 of the embodiments described above, the entire head portion including the piston ring 
groove is made of quenched powder aluminium alloy and the entire skirt portion is made of the alloy consisting of alu- 

55 minium, silicon, copper, and magnesium. However, the constitution is not limited to the above but only part of the head 
portion may be constituted with the quenched powder aluminium alloy. 

FIG. 14(B) corresponds to the process (L) of FIG. 4. The forged piston 58 has a projection 42 pushed out in the center 
of the head portion 40 corresponding to the recess 59 formed in the center of the lower die 55. When the projection 42 
is formed, the interface 100a between the two alloy layers is deformed to be an interface 100b having a larger area. The 
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deformation accompanied by the increase in the interface area causes relative slip between the two alloy layers on the 
head and skirt portion sides to destroy and remove oxide films on the interface, and is effective in providing a sufficient 
joining strength. In other words, if the central portion of the interface remains flat, the relative slip is less likely to occur 
and sufficient joining strength is not provided. Therefore, the projection 42 is formed in the head center to cause relative 

5 slip by moving the forged materials up and down and to provide sufficient joining strength. Here, fiber flows are caused 
to occur along the movement of the material textures at the time of forging in the vicinity of the projection 42 of the head 
portion 40 and a portion, corresponding to the projection 42, of the joining interface between the head and skirt por- 
tions. The fiber flows are caused by the relative slip between the two alloy layers of the head and skirt portions at the 
time of forging. The relative slip destroys the oxide films on the interface to provide sufficient joining strength. Here, 

70 when the projection 42 is machined off to make the piston in the final product shape, a fiber flow vertical to the top sur- 
face of the head portion 40 remains in the center surrounded with radical fiber flow lines. 

FIG. 14(C) corresponds to the process (N) of FIG. 4 in which various kinds of machining are carried out to for the 
piston. The projection 42 is machined off because the projection is not necessary after the hot forging. Piston ring 
grooves 65 are formed. Here, the fiber flow formed in the process shown in FIG 5(B) remains. By the way, the position 

75 of the projection 42 is not limited in the center of the head portion 40. The shape of the projection 42 is not necessarily 
of an approximate truncated cone. Furthermore, two or more projections 42 may be provided. 

According to the above embodiment, the finished piston 58 consists of the head portion entirely consisting of 
quenched powder aluminium alloy and the skirt portion entirely consisting of the alloy comprising aluminium, silicon, 
copper, and magnesium. However, the composition is not limited to the above but only part of the head portion may be 

20 made of quenched powder aluminium alloy. 

FIG. 7 is an explanatory drawing to show another composition distribution of quenched powder aluminium alloy for 
the piston head portion. 

FIG. 7(A) shows an example in which only the peripheral portion around the piston ring groove 65 of the head por- 
tion 40 is formed, with the quenched powder aluminium alloy (PM alloy). According to the example, the peripheral por- 

25 tion of the head portion 40 where heat resistance is specially required is formed with the PM alloy having good heat 
resistance while other portions are formed with piston alloy having good forming property. As a result, ease of forge- 
forming is improved. At the same time, because of the curved joining surface, relative slip occurs easily and the joining 
strength is improved. As a result, like the embodiment described above, the top land above the piston ring groove 65 
may be made thinner. The thinner top land reduces the crevice volume and also the amount of unburned gas, and is 

30 effective as a measure for reducing exhaust emissions. Furthermore in particular, the edge portion of the top land 
stands a temperature of about 350 degrees C without yield or deformation. FIG. 7(C) is a peripherally extended view of 
the piston shown in FIG. 7(A). In this case, the quenched powder aluminium alloy layer 51 is formed in a uniform thick- 
ness over the periphery of the piston. 

FIG. 7(B) shows an example in which the quenched powder aluminium alloy layer 51 is made thicker on the intake 

35 and exhaust sides while thinner on the piston pin boss sides. FIG. 7(D) is a peripherally extended view of the piston of 
(B). In this case, the thickness of the quenched powder aluminium alloy layer 51 is varied over the periphery so that its 
underside is generally wavy: at positions above the piston pin bosses 66, the thickness is reduced so that its underside 
is above the piston ring groove 65, while at positions above and between the piston pin bosses, the thickness is 
increased so that its underside is below the piston ring groove 65. 

40 As described above, the alloy layer 50 for the skirt portion and the alloy layer 51 for the head portion are firmly 
joined together through direct contact by arranging that the interface surface area is enlarged and the oxide films are 
destroyed after forging. After forging, fiber flows are formed along the elongation in the vicinity of the contact interface 
so as to increase strength against external forces working in the direction of bending the fiber flows. That is to say, when 
the piston is used in an actual engine and subjected to the gas pressure exerted on the head portion, the fiber flows 

45 radially extending toward the periphery support the pressure and transmit it to the piston pin bosses and protect the 
head portion. There are farther the following methods for enlarging the pre-forging contact interface area between the 
alloy layer 50 for the skirt portion and the alloy layer 51 for the head portion. 

FIG. 8 is a cross-sectional view to show another method of manufacturing the piston of the invention. Description 
of those symbols in FIG. 8 which are also used in FIG. 5 in common is omitted. On the underside of the alloy layer 51 

50 for the head portion before forging is formed with a recess 51a. The projection 57a is moved down into the alloy layer 
50 for the skirt portion until the recess 51 a comes into contact with the lower die 55. This brings about the state shown 
in FIG. 8(B) in which the central portion of the pre-forging interface 100 is deformed by forging to form the post-forging 
interface 200c. Other portions 200a, 200b of the post-forging interface are formed as described in reference to FIG. 5. 
That is to say, fiber flows are formed in both alloy layers 50 and 51 in the vicinity of the interface 200 and both alloy layers 

55 are firmly joined together. According to the manufacturing method, the piston material before being processed has no 
extruded projection shown in FIG. 5 and so the processing is simple. If a pre-forging alloy layer 51 for the head portion 
is to be formed by sintering or the like, the recess 51 a may be easily formed. 

FIG. 9 is a cross-sectional view to show still another method of manufacturing the piston of the invention. According 
to the method, the alloy layer 50 for the skirt portion and the alloy layer 51 for the head portion are firmly joined to the 
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periphery of the piston. 

Description of those symbols in FIG. 9 which are also used in FIG. 5 in common is omitted. An annular recess 55a 
is formed on the bottom surface circumference of the recess 56 in the lower die 55. As the punch 57 is lowered, the 
periphery of the alloy layer 50 for the skirt portion rises. Along wit the rise, the periphery of the interface 100 also rises. 

5 As the punch 57 is lowered farther, the rise of the periphery of the alloy layer 50 for the skirt portion is restricted or rather 
pushed back with the periphery 57b of the punch 57. The periphery of the alloy layer 51 for the head portion is pushed 
down through the alloy layer 50 for the skirt portion with the periphery 57b and forced into the recess 56. Here, the inter- 
face periphery which has once risen lowers as shown in FIG. 9(B) to form a cone-like portion 200d. Since the interface 
periphery area also increases with forging, both alloy layers 50 and 51 are firmly joined together also on the cone-like 

10 portion 200d. Fiber flows are also formed in the alloy layers 50 and 51 in the vicinity of the interface 200. By the way, 
the extruded projection 51a is removed by a post-forging process. 

FIG. 10 is a cross-sectional view to show still another method of manufacturing the piston of the invention. This 
method is applicable to the piston 40 shown in FIG. 7 so that the alloy layer 50 for the skirt portion and the alloy layer 
51 for the head portion are firmly joined to the periphery of the piston. Description of those symbols in FIG. 10 which 

is are also used in FIG. 7(a) in common is omitted. 

The lower die 55 comprises a left die 55b and a right die 55c, respectively separable to the left and right. A pre- 
forging alloy piece 51 for the head portion is of a hollow cylindrical shape. A projection 50a of the alloy piece 50 for the 
skirt portion fits into the hollow portion. Both alloy pieces come into contact with each other to form a planar interface 
100a and a cylindrical interface 100b. A donut-shaped recess 55d is provided in the lower die 55 in the vicinity of the 

20 interface 100a. As shown in FIG. 10(B), both alloy materials 50 and 51 are squeezed out, and forced into the recess 
55d to form a flange-like projection 90. The post-forging interface 200 enters the projection 90. That is to say, it is pos- 
sible to make the area of the interface 200 larger than the sum of the pre-forging areas of the interfaces 1 00a and 1 00b. 
Also, fiber flows are formed in both alloy materials 50 and 51 in the vicinity of the interface 200. The projection 90 is 
removed by a post-forging process. 

25 FIG. 11 is a cross-sectional view to show still another method of manufacturing the piston of the invention. This 
method is applicable to the piston 40 shown in FIG. 7 so that the alloy layer 50 for the skirt portion and the alloy layer 
51 for the head portion are firmly joined to the periphery of the piston. Description of those symbols in FIG. 1 1 which 
are also used in FIGs. 5 and 10(a) in common is omitted. 

A donut-shaped recess 55a is formed in the peripheral portion of the bottom of the recess 56 of the lower die 55. 

30 As shown in FIG. 1 1(B), both alloy materials 50 and 51 are squeezed out by forging and forced into the recess 55a to 
form a projection 90. The post-forging interface 200 enters the projection 90. That is to say, it is possible to make the 
area of the interface 200 larger than the sum of the pre-forging areas of the interfaces 1 00a and 1 00b. Also, fiber flows 
are formed in both alloy materials 50 and 51 in the vicinity of the interface 200. The projection 90 is removed by a post- 
forging process. 

35 FIG. 1 2 is a cross-sectional view to show still another method of manufacturing the piston of the invention. This pis- 
ton is used in four-cycle engines. This method makes it possible to form a convex portion on the interface so that the 
alloy materials 50 and 51 are firmly joined together. 

FIG. 12(A) corresponds to the process (K) of FIG. 4. In the process, two stacked alloy layers, with the PM alloy layer 
51 for the head portion made of quenched powder aluminium alloy on the under side and the piston alloy layer 50 for 

40 the skirt portion made of the alloy consisting of aluminium, silicon, copper, and magnesium on the under side, are place 
in a recess 56 of a preheated lower die 55 and pressed with a preheated upper die or punch 57 to forge-form in a piston 
shape. 

Projections 71 for forming recesses 70 as undercuts for a valves are provided in the recess 56 of the lower die 55. 
FIG. 12(B) corresponds to a process corresponding to the process (L) of FIG. 4. Recesses 70 as undercuts for 
45 valves are formed on the surface of the head portion 40 of the piston 58 by the projections 71 formed in the lower die 
55. Projections 73 are formed on the inside surface of the head portion 40 so as to correspond to the recesses 72 on 
the punch side. 

In a process corresponding to the process (L) of FIG. 4, as the fore-end of the punch 57 goes into the upper alloy 
layer 50 for the skirt portion, periphery of the alloy layer 50 for the skirt portion rises to form the skirt portion. On the 

so other hand the alloy layer 51 for the head portion receives a depressing force of the punch 57 through the alloy layer 50 
for the skirt portion and a reactional force from the lower die 55. A reactional force exerted with the projections 71 of the 
lower die 55 force part of the alloy layer 50 for the skirt portion through the alloy layer 51 for the head portion into the 
recesses 72 of the punch 70. The interface 100, which has been flat before being forged, between the alloy layer 50 for 
the skirt portion and the alloy layer 51 for the head portion deforms in the shape of upwardly convex projections as the 

55 projections 71 are pressed into the alloy layer 51 for the head portion and as part of the alloy layer 50 for the skirt portion 
goes into the recesses 72 to form post-forging interface projections 200d. The rest portion 200e of the post-forging 
interface remains almost flat. The interface is deformed by forging and the surface area in the portions where the pro- 
jections 200d are located increases. Along with the increase in the surface area, the alloy layer 51 for the head portion 
as well as the alloy layer 50 for the skirt portion extend largely on the interface. In the area where the elongation is large, 
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oxide films are destroyed and the alloy layer 51 for the head portion and the alloy layer 50 for the skirt portion comes 
into direct contact and joined with each other. Also, if there is a difference in the elongation between both alloy layers 
50 and 51 , a relative slip occurs between both alloy layers 50 and 51 as well as the enlargement in the interface area. 
This also contributes to destroy the oxide films to firmly join the different metallic materials together. By the way, as the 
5 - elongation occurs under the influence of the depressing force of the punch 57 and its reactional force, fiber flows are 
caused in the direction of the elongation at least in the vicinity of the interface 200d between both alloy layers. 

FIG. 1 2(C) shows a process corresponding to the process (N) of FIG. 3 and the state after various machining proc- 
esses for forming the piston have been applied. 

That is to say, machining processes such as forming the piston ring grooves 65, surface treatment if required, finish 
io forming, etc. are applied. Here, the fiber flows formed in the process of FIG. 12(B) remain. By the way, the recesses 72 
on the punch 57 side may be omitted. In that case as shown in FIG. 12(E), so much amount of the alloy layer 51 
squeezed out as the projections 71 is pressed into the alloy layer 51 goes into the skirt portion formed between the side 
surfaces of the punch 57 and the recess 56, and rises at a position in the vicinity of the projection 71 to form a projection 
200f. Also at the projection 200f on the interface increase in the interface area or slip occurs to destroy oxide films and 
75 firmly join both alloy layers 50 and 51 to each other. 

FIG. 13 is a view of interface texture drawn in reference to a microscopic photograph of the joining interface of the 
piston of the invention. As described above, when both alloy layers are joined together, by forging, relative slip occurs 
on the interface between both alloy layers, surface films on both alloy layers are broken, textures of both alloy layers go 
into each other, and firmly joined together. In this case as shown in the drawing, both alloy layers 50 and 51 are wavy 
20 on the interface S and extended into each other so that both textures are joined together. The wavy texture interface S 
formed on the joining interface in the piston by forge-joining of different materials according to the invention is formed 
by the elongation as well as relative slip when the different materials are press-joined with each other, and is confirmed 
by microscopic observation of the interface texture. 

The piston 58 of the above embodiment may be effectively used in engines operated at high speeds with high out- 
25 put in such vehicles as automobiles, motorcycles, snowmobiles, outboard motors, etc. 



The composition of the alloys that can be used for the head portion and the skirt portion are as follows: 



35 



40 



45 



50 



9 



DOCID: <EP 0809050A1_I_> 



EP 0 809 050 A1 



10 



15 



20 



25 



30 



35 



40 



45 



50 



.— o 



7 

t/y 
d 

.1 

i 



-< 


the remnant 


CJ 
CO 


o 




VI 


ro 


v| 


k. 

CJ 


v| 




v| 




v| 




7 

d 


o 


f 

m 

o* 




CO 


CO 


s 


Embodiment 1 

of Alloy composing 

the head portion 

































the rec 














O 






(he remnant 






Ihe remnant 1 




4 or Al Nor Al 


o 


CJ 
CO 


o 


micron. 


CJ) 
CO 


o 

7 


cr 
o 
u. 

<J 


u 

o 

CJ 
CO 


7 






! 




V| 


! 


;§ 


v| 




— * 

v| 


' can be 




V| 


C can be 


u 

t-J 


V| 




VI 


er of Sil 


u. 

CJ 


VI 


er of Si 


k. 

CJ 


vt 




V| 


i 

CO 

•S 


3S 


VI 


n diamel 




v| 




VI 


= 


cr 


*\ 






VI 




0.5-5 






? 

LT5 
O 






0.5-5 




f 

CD 




=3 


T 

LO 




CJ 


T 

<=> 




CO 




QJ 

Cat- 


CO 

1 




CJ 
Lt- 


CO 

? 


CO 


S 




CO 


! 




CO 


! 


e 
c 

i 
c 


0 




osing 
ion 




co o 


intent 2 
loy comp 
ead port 




imenl 3 
loy comp 
Baa pon 




imenl 4 


ead port 


limbod 
of Al 
the h 








Embod 
of Al 
the h 



o 

by 



I 



s'i 

J= o 



1 



CJ 

CO — 



55 



10 




55 



^DrV^in- -en nononen* < i - 



12 




£5 

In addition, the following specific alloys have been found advantageous for use as the alloy forming at least a por- 
tion of the skirt of the piston 20. These alloy embodiments are preferably manufactured by continuous casting or extru- 
sion forming and then cut into desired block, and may also be formed from powder metals, as described in more detail 
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below. 

(1) Al containing the following alloying elements by percentage weight: oetween 5-25 Si; 1 or less than 1 Fe (iron); 
between 0.5-5 Cu (copper); between 0.5-5 Mg (magnesium); 1 or less than 1 Mn (manganese); 1 or less than 1 Ni 

5 (nickel); and 1 or less than 1 Cr (chromium); 

(2) Al containing the following alloying elements by percentage weight: between 5-25 Si; 1 or less than 1 Fe; 
between 0.5-5 Cu; between 0.5-5 Mg; 1 or less than 1 Mn; 1 or less than 1 Ni; 1 or less than 1 Cr; 1 or less than 1 
Zr (zirconium); 1 or less than 1 Mo (molybdenum); and 5 or less than 5 SiC (silicon carbide) or BN (boron nitride) 
or AIN (aluminum nitride) or Al 2 0 3 (aluminum oxide), where the SiC, BN, AIN and Al 2 0 3 can be contained instead 

io of using only one of them, as long as the total weight of the combination is within the desired range; and 

(3) Al containing the following alloying elements by percentage weight: between 5-25 Si; 1 or less than 1 Fe; 
between 0.5-5 Cu; between 0.5-5 Mg; 1 or less than 1 Mn; 1 or less than 1 Ni; 1 or less than 1 Cr; 1 or less than 1 
Zr; 1 or less than 1 Mo; between 1 and 10 C (carbon) or MoS 2 (molybdenum disulfide); and 5 or less than 5 SiC or 
Al 2 0 3 , where the C and MoS 2 may be combined instead of using just one of them, as long as the combined weight 

15 is within the desired range. 

The following specific alloys have been found advantageous for use as the alloy forming at least a portion of the 
head of the piston 20. 

Specific alloys contents which have been found suitable are as follows. These first three alloy embodiments are 
20 preferably manufactured by continuous casting or extrusion forming and then cut into the desired block. 

(I) Al containing the following alloying elements by percentage weight: between 5-25 Si; between 1-3 Fe; between 
0.5-5 Cu; between 0.5-5 Mg; 1 or less than 1 Mn; 1 or less than 1 Cr; 1 or less than one Zr; 1 or less than 1 Mo; 
and approximately 0 SiC; 

25 (2) Al containing the following alloying elements by percentage weight: between 5-25 Si; between 1-3 Fe; between 
0.5-5 Cu; between 0.5-5 Mg; 1 or less than 1 Mn; 1 or less than 1 Ni; 1 or less than 1 Cr; 1 or less than 1 Zr; 1 or 
less than 1 Mo; and between 1-10 SiC (the mean diameter of the SiC being between about 1 and 20 microns); 

(3) Al containing the following alloying elements by percentage weight: between 5-25 Si; between 1-3 Fe; between 
0.5-5 Cu; between 0.5-5 Mg; 1 or less than 1 Mn; 1 or less than 1 Ni; 1 or less than 1 Cr; 1 or less than 1 Zr; 1 or 

so less than 1 Mo; and between 1-10 SiC, BN, AIN or Al 2 0 3 , where the SiC, AI203, BN and AIN can be compounded 
instead of containing one of them if the compound weight totals within the 1-10% range. 
The following alloys are preferably made from powder metals: 

(4) Al containing the following alloying elements by percentage weight: 5 or less than 5 Si; 5 or greater than 5 Fe; 
between 0.5-5 Cu; between 0.5-5 Mg; 1 or less than 1 Mn; 1 or less than 1 Ni; 1 or less than 1 Cr; 1 or less than 1 

35 Zr; 1 or less than 1 Mo; and approximately 0 SiC; 

(5) Al containing the following alloying elements by percentage weight: 5 or less than 5 Si; 5 or greater than 5 Fe; 
between 0.5-5 Cu; between 0.5-5 Mg; 1 or less the 1 Mn; 1 or less than 1 Ni; 1 or less than 1 Cr; 1 or less than 1 
Zr; 1 or less than 1 Mo; and between 1-10 SiC (having a mean diameter of about 1-20 microns); 

(6) Al containing the following alloying elements by percentage weight: 5 or less than 5 Si; 5 or more than 5 Fe; 
40 between 0.5-5 Cu; between 0.5-5 Mg, 1 or less than 1 Mn; 1 or less than 1 Ni; 1 or less than 1 Cr; 1 or less than 1 

Zr; 1 or less than 1 Mo; and between 1-10 SiC, BN, AIN or Al 2 0 3 , where the SiC, Al 2 0 3 , BN and AIN can be com- 
bined instead of containing only ore of them if the compound weight totals within the 1 -10% range. 

(7) Al containing the following alloying elements by percentage weight: 5 or less than 5 Si; 5 or more than 5 Fe; 
between 0.5-5 Cu; between 0.5-5 Mg; 1 or less than 1 Mn; 1 or less than 1 Ni; 1 or less than 1 Cr; 1 or less than 1 

45 Zr; 1 or less than 1 Mo; between 1-10 C or MoS 2 ; and between 1-10 SiC or Al 2 0 3> where the C and MoS, can be 
combined instead of containing one of them if the combined weight totals within the 1 -1 0% range; 

(8) Al containing the following alloying elements by percentage weight: between 5-25 Si; between 1-10 Fe; between 
0.5-5 Cu; between 0.5-5 Mg; 1 or less than 1 Mn; 1 or less than 1 Ni; 1 or less than 1 Cr; 1 or less than 1 Zr; 1 or 
less than 1 Mo; and approximately 0 SiC; 

so (9) Al containing the following alloying elements by percentage weight: between 5-25 Si; between 1 -1 0 Fe; between 
5-5 Cu; between 0.5-5 Mg; 1 or less than 1 Mn; 1 or less than 1 Ni; 1 or less than 1 Cr; 1 or less than 1 Zr; 1 or less 
than 1 Mo; and between 1-10 SiC (with a mean diameter of between about 1 -20 microns); 
(10) Al containing the following alloying elements by percentage weight: between 5-25 Si; between 1-10 Fe; 
between 0.5-5 Cu; between 0.5-5 Mg; 1 or less than 1 Mn; 1 or less than 1 Ni; 1 or less than 1 Cr; 1 or less than 1 

55 Zr; 1 or less than 1 Mo; and between 1-10 SiC. BN, AIN or Al 2 0 3 , where the SiC. Al 2 0 3 , BN and AIN can be com- 
bined instead of containing only one of them if the combined weight totals within the 1 -10% range; and 

(II) Al containing the following alloying elements by percentage weight: between 5-25 Si; between 1-10 Fe; 
between 0.5-5 Cu; between 0.5-5 Mg; 1 or less than 1 Mn; 1 or less than 1 Ni; 1 or less than 1 Cr; 1 or less than 1 
Zr; 1 or less than 1 Mo; between 1-10 C or MoS 2 ; and between 1-10 SiC or Al 2 0 3 , where the C and MoS 2 can be 
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combined instead of containing one of them if the combined weight totals within the 1 -10% range. 
Claims 

5 1. Piston for an internal combustion engine, said piston having a joining interface (100;200) between different mem- 
bers (50,51) wherein the joining interface has a non-flat shape, preferably a concave, convex or wavy shape. 

2. Piston according to claim 1 , characterized in that at least one of the members (50,51) has an elongate texture in 
said non-flat portion of the joining interface. 

10 

3. Piston according to claim 1 or 2, characterized in that said piston comprises a head portion (40) and a skirt por- 
tion (41), the head portion being at least partially made of AI-Fe-based alloy while the rest is made of Al-Si-based 
alloy, said joining interface (100:200) extending between said preferably two alloy members (50;51). 

is 4. Piston according to claim 2 or 3, characterized in that said AI-Fe-based alloy is a quenched powder alloy compris- 
ing Al, Fe and Si. 

5. Piston according to claim 2 to 4, characterized in that the Al-Si-based alloy is a cast alloy comprising Al, Si, Mg, 
and Cu. 

20 

6. Piston according to claim 3 or 4, characterized in that the alloy forming the head portion (40) contains 5% or more 
of iron and 5% or less of silicon and that the alloy forming the skirt portion (41) contains 5 to 25% of silicon, 0.5 to 
5% of copper, and 0.5 to 1 .5% of magnesium. 

25 7. Piston for an internal combustion engine, said piston comprising a head portion (40) exposed to a combustion 
chamber and a skirt portion (41 ) sliding within a cylinder, wherein at least parts of the head portion (40) or the entire 
head portion (40) is made of a f irst alloy comprising Al and the skirt portion (41 ) is made of a second alloy compris- 
ing AL 

30 8. Piston according to claim 7, characterized in that said first alloy further comprises Fe and Si. and said second 
alloy further comprises Si, Cu and Mg. 

9. Piston according to claim 7 or 8, characterized in that the alloy forming the head portion (40) is a quenched pow- 
der aluminum alloy. 

35 

10. Piston according to claims 7 to 9, characterized in that the alloy forming the head portion (40) contains 5% or 
more of iron, and 5% or less of silicon. 

1 1 . Piston according to one of the claims 7 to 9, characterized in that the alloy forming the head portion (40) contains 
40 5 to 25% of silicon, 1 to 10% of iron. 

12. Piston according to one of claims 7 to 1 1 , characterized in that the alloy forming tha head portion (40) contains 1 
to 10% of cementite comprising at least one of silicon carbide, aluminum nitride, boron nitride and aluminum oxide. 

45 13. Piston according to one of claims 7 to 12, characterized in that the alloy forming the skirt portion (41) contains 5 
to 25% of silicon, 0.5 to 5% of copper and 0.5 to 1.5% of magnesium. 

14. Piston according to claim 7, characterized in that said first alloy comprising aluminum contains at least one per- 
cent by weight iron. 

so 

15. Piston according to claim 14, characterized in that said first alloy further includes at least one other alloying ele- 
ment selected from the group consisting of: silicon, copper, magnesium, manganese, nickel, chromium, zirconium, 
molybdenum, silicon carbide, boron nitride, aluminum nitride and aluminum oxide. 

55 16. Piston according to claim 14 or 15, characterized in that said first alloy includes, by weight percentage. 5 to 25 
silicon, 0.5 to 5 copper, 0.5 to 5 magnesium, 1 or less than 1 manganese, 1 or less than 1 nickel, 1 or less than 1 
chromium, 1 or less than 1 zirconium, and 1 or less than 1 molybdenum. 

17. Piston according to claim 16, characterized in that wherein said first alloy includes, by weight percentage, 1 to 10 
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silicon carbide. 



18. Piston according to claim 16, characterized in that wherein said first alloy includes, by weight percentage, 1 to 10 
carbide, boron nitride, aluminum nitride, aluminum oxide, or a combination thereof. 

19. Piston according to one of claims 7 or 14 to 18, characterized in that skirt and said second portion comprises at 
least a portion of said skirt, said second alloy comprising aluminum containing no more than one percent by weight 
iron. 



10 20. Piston according to one of claim 19, characterized in that said second alloy contains 5 to 25 percent by weight 
silicon. 



21 . Piston according to claim 1 9 or 20, characterized in that said second alloy includes at least one other alloying ele- 
ment selected from the group consisting of: silicon, copper, magnesium, manganese, nickel, chromium, zirconium, 
15 molybdenum, silicon carbide, boron nitride, aluminum nitride and aluminum oxide. 



22. Piston according to one of claims 1 9 to 21 , characterized in that said second alloy includes, by weight percentage, 
5 to 25 silicon, 0.5 to 5 copper, 0.5 to 5. magnesium, 1 or less than 1 manganese, 1 or less than 1 nickel, 1 or less 
than 1 chromium, 1 or less than 1 molybdenum. 

20 

23. Piston according to claim 22, characterized in that said second alloy includes, by weight percentage, 1 to 10 car- 
bon or molybdenum disulfide or a combination of carbon and molybdenum disulfide. 

24. Piston according to claim 22, characterized in that said second alloy includes, by weight percentage, 5 or less 
25 than 5 silicon carbide or boron nitride or aluminum nitride or aluminum oxide, or a combination thereof. 

25. Piston according to one of claims 7 to 24, characterized in that said first allow portions and said second alloy por- 
tion are joined along a non-flat interface. 

30 26. Method of making a piston according to one of claims 1 to 9, wherein the members of different alloys (50,51) are 
formed and joined together by forging. 



27. Method according to claim 26 comprising the steps of: 



35 obtaining a first block of a first alloy; 

obtaining a second block of a second alloy; 

stacking said second block upon said first block so that said blocks abut along a first interface having a first 
area; 

forge-pressing said first and second block together into a piston in a manner such that said first and second 
4 ° blocks abut along a second interface which has a second area which is larger than a first area. 

28. Method according to claim 27, wherein s^aid first and second blocks are stacked within a main recess of a lower die. 
and further comprising the step of pressing a top die into said main recess of said lower die and against said blocks. 

45 29. Method according to claim 28, wherein said lower die has a sub-recess extending from said main recess, and fur- 
ther including the step of deforming said first and/or second alloy into said sub-recess to form a projection from said 
piston. 



30. Method according to one of claims 27 to 30, further comprising the step of forming said second block from an ingot 
so of said second alloy by melting said ingot, casting said melted alloy, and cutting said casted alloy into first blocks. 

31. Method according to one of claims 27 to 31 , further comprising the step of forming said first block from an ingot of 
said first alloy by melting said ingot, quench-solidifying said melted alloy into power, heat extruding said powder into 
an extrusion, and cutting said extrusion into blocks of said second alloy. 

55 

32. Method according to one of claims 27 to 31 , further comprising the step of machining at least one ring groove into 
said piston. 



33. Method according to one of claims 27 to 32, further comprising the step of heat-treating said piston after forging. 
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34. Method according to claim 26 comprising the steps of: 

' obtaining a solidified piece of said first alloy; 

obtaining a solidified piece of said alloy; and 
£ press-forging said pieces of first and second alloys together into a form of a piston, said step of press-gorging 

further comprising the step of moving a surface of said first alloy relative to a joining surface of said second 
alloy. 

35. Method according to claim 34, wherein said pieces of said first and second alloy are stacked and abut along an 
io interface having a first area, and during forging said first and second alloys are joined along an interface having a 

second area which is greater than said first area. 

36. Method according to claim 34 or 35, wherein during said press-forging a grain structure of said first alloy and a grain 
structure of said second alloy in at least that area where said first and second alloys are joined are elongated in at 

75 least one direction. 
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